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The Issues

CP Violation in the Lepton Sector

— Baryon Asymmetry of the Universe?

Neutrino Mass Hierarchy
The Lepton Mixing Matrix (Pontecorvo - Maki —Nakagawa - Sakata).
— How big is q,5?

Matter Effects in Neutrino Oscillations
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Neutrino Oscillation Measurements

Solar and Atmospheric Effects: Dm,,2, q,,, Dm,.2, 0y,
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Atmospheric: Q,,

CP violation

Solar: (,,

Need to measure: C® phase d, g5 (N ® n.), Sign of DmZ,,

dyp~ 32°
Qp3 ~ 45°
?,53<15°

Ignore Majorana phase
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~" Measurementsof N[, ® N, andNy,, ® N, givesqq3 and d

P AR VLN

P(n,® n)=P, +P,+P;+ P, Matter Effect
i i ) P, x (1£2E/Ey)
— §ip2 2 2 2 1 R
P, = sin“(q,;) sin*(20,,) sin*(1.27 Dm,;* L/E) P, P, x (1 £ E/Ey)
P, = c0s?(Q,3) sin?*(2q,,) sin?(1.27 Dm,,?> L/E) Egp =11 GeV (Earth)

. . 5 23% effect (10% T2K)
P, = J sin(d) sin(1.27 Dm,;* L/E)

Enhancement for Dm?2> ()
P, =J cos(d) cos(1.27 Dm,,? L/E) Suppression for Dm? < (

J = cos(q,;) sin (2q,,) sin (20,;) sin (20,3) sin (1.27 Dm,;*> L/E) sin(1.27 Dm_,* L/E)

Which Mass Hierarchy?
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Expected Signal Size

Ignore matter effects, CP violation

P(n,? n,) "~ P,=sin%(q,;) sin?*(20,;) sin*(1.27 Dm,;> L/E)

1.0
B D =0.003 eV?
Peak of oscillation at = 0 IW\/ \ e
0 1 2 3 4 5 6 7 8 9 10
E
{ _ 2 " .
E=1.7GeV| - M2 (L J e
2.5x107eV- 820 km

P(N,2 N~ % sin(20,) |

Limit from CHOOZ.:

sin? 2qq3 £0.2

P(n,? n.)<0.1




=t Program Goals

Primary Goals of NOnA

* Measure (;;

1

Am® (eV?)

* Determine Mass Hierarchy
* Determine Needs for CP Violation Measurement |

If gy is large enough
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* Find CP Violation :
MINOS, with
10 bl B 25, 16, 7.4 x10” pot
Need
i} 0.05 0.1 0.15 0.2 0.25 0.3

* Intense Muon Neutrino and anti-Neutrino beam

e NUMI now, Proton Driver enhanced NUMI to come
* Detector With Good Electron ID

* Large Mass

* Small Cost/mass

e Simple Operation at Remote Site with correct L/E

sin®(26,,)



o The NuMI Beam Exists

3.4 10? protons/yr

6.5 10% protons/yr
post collider

NONnA* Lake

Superil 25" 1020 protons/yr

Btiil proton driver

Lake
Michigarm

l

Fermilab




Use Off Axis Beam
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S The NONA Detector Design

e Large mass (30 kT)

* Good electron ID and energy resolution (80% active) 132 m
 Inexpensive parts

— Active Element: Liquid Scintillator (24 kT)

— Containment: PVC Extrusions (6 kT) 16 m

— Photodetector: APDs (3/4 million pixels)
* No mine (full cosmic ray rate)

— 8 through detector in a 10 nsec spill

\ 16 m

readout

(4 with overburden)

Sod house

= building
design :
= —= = : 1984 planes
. : (.a. 761,856 cells
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Walls & Doors

Standard Widths

WY #@*gﬁ 980, 1050, 1220,
T 1250,2100 mm

walls/celings
in milk houses

i8
Benjamin.
He's
a little
worried
about
his
[urttire.

THE GRADUATE {947

. ANNE BANCROFT _ DUSTIN HOFFMAN - KATHARINE ROSS

PlpeS CALDER WILLINGHAM .. BUCK HENRY  PAUL SIMON
SIMON - GARFUNKEL LAWRENCE TURMAN

MIKE MICHOLS recvancoon

Mr. McGuire: I just want to say one word to you -
just one word.

Ben: Yes sir.

Mr. McGuire: Are you listening?

Ben: Yes I am.

Mr. McGuire: 'Plastics.’

Ben: Exactly how do you mean?

Mr. McGuire: There's a great future in plastics.

. NOvA PVC Module (23,808)

15.7 m

1.3 m
:I 6 cm 32 cells
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~-v~ Signal Collection Based on MINOS Active Detector

8Sm

e ppe - b} ;-
wavelength-shifting fiber ; (1.2 mm diam.)

. to optical

connector

« Plastic Scintillator ? Liquid Scintillator

« 8 m length 7 15.7 m length
e 1 cm thick ? 6 cm thick

* 1.2 mm wavelength shifting fiber 7 0.8 mm wis fiber
« Straight fiber read out each side 7 Looped fiber read out one side
- Hamamatsu multi-anode PMTs 7 Hamamatsu multi-pixel Avalanche Photodiodes

« 8 cells/pixel multiplexing 7 1 cell/ pixel



Active Detector

Scintillator Element Length 15.7 m

— Sufficient light output with single
ended readout (U loop)

— Good shipping length

— Approximately 4 cm wide 6 cm deep
Scintillator Material

— Liquid equivalent to

e Bicron 517L

Multiclad WLS Fiber

— Kuraray 0.8 mm diameter

— U loop
Photodetector

— APD

— % million pixels

To 1 APD pixel

15.7 m

en go
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7 Noise vs. Temperature at Gain = 100
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Full Cell at
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L1
100
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Measurement 1 MIP
Using cosmic ray muons

4 cm x 6 cm cell —
12% TiO, in PVC
(not optimal reflectivity)

With matched
amplifier and
designed
reflectivity

expect
S/N > 10

15.7 m

Yeny oo



P AR VLN

NP ® e pp*

E . =2.5GeV
E.=1.9GeV

E,=1.1GeV  Efmx]

E,= 0.2GeV

Efficiency oscillation n, cc

Rejection ncc
Rejection N nc

Event Simulations

310 —
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285

280

278

27

265

1 1
falili}

Rejection beam n_ cc

1
540 a60 £a30 600 620

For 100 events

0.23 86 events
7.1 x 104 1 event

1.3x103 6 events
6.6 x 102 7 events



P AR VLN

n,n® Nmpp°
E =2.8 GeV
E =0.5GeV
E =1.0GeV
E,.=0.4GeV
E,,=1.8GeV

Background mCC event
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3 s Discovery Potential for n.® n,
—_ 2 = 2
B - NOVA L =810 km 1 &
“ 48 L 12 km off axis 12 48
C ﬂm232= I
16 b 2.5 107 oV? I 16
[ sin®(26,,) = 1.0 :
14 | 1.4
- vonly
1.2 | 32.5x10% pot S year : 1.2
r— Am?®> 0 n only
1 [ — am?< o0 run : 1
0.8 [ I 0.8
i I
06 I 0.6
C I
0.4 1 I 0.4
02 : 0.2
i I
sin®(26,,) I

Chooz limit

[ NOvA L=810 km

L 12 km off axis

B &r‘nzs?:

o 25107 aV?

i sin%(26,,) = 1.0

L Each v and v

~ 16.26x10% pot 2.5 yr each

[ 2 _

N nand n run

- AmT< 0

i 1 1 1 1 1 1 1 I 1 1 1 1 1 11
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sin"(20,,)
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3 s Discovery Potential for n . ® n,

o (m)
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3 s Discovery Potential for n . ® n,

Proton Driver

2
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et 95% CL Resolution of the Mass Hierarchy

P AR VLN

Fraction of &

Fraction of possible d
values for which there is a
95% C.L. resolution of the

mass hierarchy
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Fraction of &

Fraction of possible d
values for which there is a
95% C.L. determination
that CP is violated for
both mass orderings
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3 S Determination of CP Violation
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Typical supernova signal
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& Measurement of Dm,,? and sin?(20,;)
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Project start Oct 2006
Start Far Detector Building construction | Jul 2007
Start extrusion module factories Oct 2007 Pl‘OpOSQd
Start construction of Near Detector Dec 2007 Schedule
Start operation of Near Detector Jul 2008
Start Far Detector assembly May 2009
First kiloton operational Oct 2009
Full 30 kilotons operational Jul 2011
0.05
0.045 - : \ T2K assuming a 50 GeV
NOnA \ :
0.04 | I \ synchrotron and completion
I \  of the 400 MeV Linac in
0-035 1 | N, JFY2010
= 003 ]S)tatrt far | N
o etector N cio s
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S o002 Assembly| N 3 S Sensitivity
c ~
5 0.02 I ~~_
0.015 - : ) > T T =
0.01 | Dms3y” = +0.0025 eV
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0,005 | : sin“(2g23) =1.0
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S Conclusions

P AR VLN

The NONA experiment provides a program to investigate some of
the most important issues in physics. It has Stage 1 approval.

The NONA experiment can be built now using existing and well-
proven technology. Near detector construction and
measurements can start sooner.

The NONA experiment can access interesting regions of possible
lepton CP violation with the Proton Driver.

The NONA experiment is open to new collaborators.
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NONA has about the same mass as the 5 collider detectors combined



